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(54) RECEIVING TIMING DETECTION CIRCUIT FOR CDMA RECEIVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve receiving quality by obtaining 
mutual correlation between a received signal and an already known 
signal group from the frequency band width of a transmission and 
reception signal by the irreducibly lowest sampling frequency and 
interpolating its mutually correlated values by an interpolation filter to 
always receive with an optimum receiving timing. 
SOLUTION: A group correlation device 102 calculates the mutually 
correlated value in an n-th slot. The interpolation filter 103 
interpolates the correlated values of two samples per one chip 
outputted from the device 102 so as to calculate the correlated value 
of highest delaying precision. After a power calculating part 104 
obtains the power (the square sum of an I component and a Q 
component) of a correlated value to remove phase components, an 
averaging part 105 executes inter-slot averaging with respect to the 
mutually related values of a delay time. It is desirable to suppress the 
number of these averaging slots to irreducibly lowest. A peak detection 
circuit 106 obtains a delay time maximizing averaged mutually 
correlated power. 
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(57) [ttft*«®KH] 

[SltsRJl 1 ] «&ilKfgCft^#g!l^5G8SS ( D S - C D 
MA) ^fcfflV^fc&ilfrSfH^xAfc/gv^tvS CD 

s * m. -r m s « m a 9 * m * -r * ^ w « n t . 

> r v > v uis* ttfcffiS«Hffi*©«* * its 



¥*&fls*«fc, 

tr— *£tfctbufcii$©*-r ^ >y^Bug3CDMA§<i^ 



[H«3I2] H^fl 1 fctB*©CDMAS«R«©S 

£ <fc t) 6 hfcfflfSHJ-CftS Ct^ttnCDM 
[!§#®3] §8#gi 1 £I3tB©CDMAgfggg©g 
BE *P © <§ ^ # bu IB S < § (1 ^ © § ft ^ - 9 £ n £ -T 5 
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2 7 5 19 5 9 



T-sis^ci-s c a tc «t k> m *> nfc«*» are &zz.t* 



*«e»-r4RfiBc»a-r*-i:ft«f*fc-racDMAa 
[M«fl5] it*iii©cDMA§m^g®§fs^'r 

g{§M^£ ft 6 *» b»5£» nfc»!IB©Wria*K'' < -f a 

m^-rscDMA^fg^go^m^'r ^ v^tfttaiais- 
im&m7] m&m2(DCT>MAg:mmw.<Dg.mp-< 

:§<a{g^£ft£fr D^to^*^^©^^-^ n 
©^Vi:> 

auia^ i ©/ * u *»J:twfliB» 2 ©^ ^ y j6» 6 Sftfe^ 



5 > ^ * -f 6 * * # *> uk *> * b k» m rwj n * ff 5 * * 
$ yvmm^mtzstsz. cdmas« 

[MSB 8] 2 © C D M -f 

§{ifi^*ft^* > b»^K>?>^sa^®^ S:Rl;: '' w ° 
fluia^ i © ^ u *j <fc trHuteB 2 ©p< u e. 

fcs ftC>^CK)^«)e.*tfeSBF^f*I©*a5t9S* s ^'^^^ 

5 v^STOP^Sfc *d*r£ C DM Ag« 

[IR&9I9] R&H lfflCDMAg{§<gB©§fti*^ 

•T S ffl BlfB© # ft £ *» b «>^» ^ * *S 

[$BB8©S£SBfcfBtpn 

50 [0 0 0 1 ] 

(D S — CDMA.) 

[0 0 0 2] 

jgSg (CDMA) ^s;^:fflv^fc■7 ^ ^^;vgi^;*ms • 81 

40 5£(TIA I S 9 5) #$0£ft.TO3. T I A (Tele 
communication Industry Association) #1 9 9 4^5 
Etc "Mobile Station-Base Station Compatibility St 
andard for Dual-Mode Wideband Spread Spectrum Cell 
ular System PN-3421 " tm bT#6ff bfc^*f±*i»T 
I A/E I A/I S (INTERIM STANDARD) - 9 5 - A© 

x£*&f&{b-f •&*>©■£• ft sfe tf>, ^^s;, m^y*— 

50 v-y HMMBaSftTViatf* *#«4Sfi*«t^^ 
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xit^t^tix^n^o 

[0003] IS-95 - A©T t> ESS (^ttSJ^-^Sf; 
5) T-tt. *«t?*BI**T.fc*R3.— if© ^^'^ 
(TCH) izMZ-T. we«Bsnt^4v> 

ftl^nyhfV*^ (PLCH) #tt*fcW3&^«* 
Eb/No (lK^lfe!)fflittMlHzSfe!) 

om&'mtKDttL) mbtx'&mf'f *.>?*&fe^ t *v 

[0004] IS-95 - A©± *> d£H>M->Stl6 
)S) ^I/Wn>yhf t^MSttfv 6 4ii 

(6 4-ary) 4fgifi&iSii : &S&^ 
1§rfc*fe£fl£sSa s &ffl2*i<"£^£° 64-aryt$ 
WWffl^iCtCii, BPSL QPSK«Sfclt'i 

[0 0 0 5] I S - 9 5 - Affl^SK5r:«, ^^7"^ — 
H. 2288Mcps, tr^M'— r9- 6kbp 
s. 1 2 8fg. ^'^V-b 

^14 # 1J < T ^fb^^* 10 *^ b*»b& 

tt£< b&ttflttfc&f* I S-9 

o fRMjULWe X § X U 2. . 

[0 0 0 6] ft*©£{a*^ 3. V^fcttJ^S; (^^HO 
8J) ttx m«. (AndrewJ. Viterbi f> "P 

rinciple of Spread Spectrum Communication" 19 9 

5*ME»fi\ S3$, 3 9^-^-6 6^) CIB 

>•?■) © 2g-pgc#tt£:H3. 
[0 0 0 7] isusaiHi^ffliE (-9—^) 

HIT? "3* «e>-a-J&#e>, i/'J7^C*- ^-fSTaiCT-fcS. 
[0 0 0 8] tir-y- • 1/ 

^ . y_ ^ (early-late gate) 
V^tt^-f W • o <y * • 7 (DLL) 

ire. g«-r^sasti*Bi©At3(£tfav^'f 
(ommntitA tswai^-f s>f -£©«»«*»** 



t ) • #Sf- 2 7 5 1 9 5 9 

6 

[0009] ±uwMmmffife&&vffi®&&<»*&* 

r^j/^V^IIttSi&ilQbfc**^ 1$M¥4-3 4 7 

- 9 5 - AK*W*»«*HP*"i"**©"^**av^. 
[0 0 10] 

i^wifti^^ttsis] tt^frm&Timm (c 

?o DMA) ^iC{iv;v^^^fefifi4ffi^^^^^-< M -" > 
tM (RAKE) , *;i/«»T?tt*R®*tt« 

ffioSC #»Cttv»Bb/Notf8flft 

MS.-? 5 >!<§#■?? tSfcl^ ^St^fe 3 o 
[0 0 11]—*. CDMA^Stttf-f7^'f^''f 

t.mmisX^ti^£±<&<3x%ii^o ft 

[0 0 12] SIOWI «£*©£$£, «H*-f 

[0013] lciftit i is>x>i<m<Dmmm 
& m -r s ^ 1 1* n u v -> if h x $> & o 

[0 0 14] •f0Di2OlSB, ifc&JS&Xl*. mt£& 
— *«iE ^ T •< ;U© tf— ^ £ frtt % f b * 

[0015] n2©iamiu±* isro^r-f^©^- 

[0 0 16] *©lftlt «63fe*S;T?«N «!!«©«* 

4s}cK). ^(Dm.j3<?>¥nm.*'$.&>x\,M>i*. m?j4*«> 
ib * ft * a # ^ t^fflgitt * it* * ^ 6 u * 

[0 0 17] ^3©F^M^«. M-r-^TJ&mA^t 
50 < ^:oTV^fci:''^■5^T•feS. 
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[0018] ^consiis a«B*>f * mm& 
• : D L L) (D2mm<D\B\m^^wx*$>^>r^&> 

^-trX (CDMA) L&#lftitfi*>;^Afc 

AST?gacDMAai*i©affl*-r s >^*iiiEiis* 

gf^j * -5 z k * njfg k -r -5 c k lc & z> o 

[0 0 2 0] 

BtfSF^#S»J^7£gM8& (DS-CDMA) ;£;i££fflU#:;f£ 

*-rss?ufflBi«8k, «na*asfflH(g^*-e©if>ry 
ry v^bit^tifefflSffliiM^-^ai^-r^^ u 

t±ib^^©^-r * >^^B5iacDMA§fi^a^§fH^ 

-Y ^ >^k LT&5£^Sfcr-*lftffl^l6k*#o£ k* 
Wtt«CDMA8««iZ)SW>f $ >y«aEU» 

[0 0 2 l]*PK*it gf§M*f k«R^>#;i^*> 

*sh<I£^ u-s^a ;i/*T*n»*3£k£ 

[0 0 2 3] 

[0024] mi it^mom i ©naBfi»j{c«fcscDM 
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[0 0 2 5] B1*#HLT, £ © C D M Agfg^gCD 

gf§*^ 5 v^&tams&fcfc. §f§f§^£^*;i/g{§{§ 
&tifej»ia (asisn) rtt?*a&s*w«B 

SI 0 2 ks ^9UfBB8Sl 0 2 £>ffi*rfg^R £ A/Dg£ 
Ml 0 1 o*>7'J >^JB«R<fc?)S^««RT-1J-> 
>^bifi-r-f >^^i/-i/3>7^;i/^i03i:, 

$tifrmMmMmncDmjjp*&®z>m.jjEtwffl 1 o 4 

k, iMHtW*Pt*Rfi)lll«l:fcfcoT¥«ffc 

■TS¥i9fbSl 0 5 k, ¥±3Ybasi 0 5 t J; O^pJSfb^ 
ftfcfflSfflH«-5«;*jP©t?— -^Popt 4**6. IM^ 
§f ^Y ^ >^ropt 4^^-rstr-^t^WgPl 0 6k 

[0026] as««^tt»«iiw«»«**ffi«-rsfc 

K ■ > - 7>r ;i/^Tf««9JE*ttT^So CCD® 

^ £\ m&mm^&m&mmt&mtT-vy'u- h<D i . i 

-1. 5fg^^^^ ^tlTV^^o Lfe^ots ftftKtgftil 

A/Dstasi o icDif>ru 
h©2fST-»n«+»T*ftSo fc£u mm^ 

^*jstR»k*ra**»7?a*ns. r^#;i/8ii 

[0 0 2 7] fe*. ±K*>^y>* r ffl*»tt*»W® 

»*3&5«*>ga»tcffiixs, g'h<D/MSfcRT*;&£#, 
*>ry >^-r«cik*Jt6Ws*©T-tt«:^o r 

[0 0 2 8 ] H2l4Hl©CDMAg«*B#gfl|«9 

[0029] bimb24#iit, mmm^&Li/ 

*;i/©^Wny b (PL : K^^F^) 

nti^o ffi^c* (i *>>^afc5©tt»«F^©^y 
r») £Mk-r*o 

[0 0 3 0] ^^iJfflSl^l 0 2tt, Tf3R*UC#£oTlg 
n^nry h ^*5»S*BSfflHffiR n (r) *It^-T^o 
[0 0 3 1 ] mnxuv h ic*3(tSSE»l«-5»W4Pn 
(i) , gE£H§^©ft£N = Np xM^^7 x gflfs^ 
5(? ©1f>7V >^H»jR*^y:ru-hcD2<g. fflSfflK 
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4*«)SMSFJ («5£3EB) Twfcfmin -rrnax fc-fa 

Rn (T) =Si = o -N-1 S (2-L-M-n+2-i 
+ r ) xconj (Pn (i) ) 
r = rmin ~rmax 

fc*£b. conj ( ) fcmfUftS^atUTOS. 
[0 0 3 2] fflEfflg8£5R«>aj§S£®BTw = rinin ~ 

v * ? a © i a t: sits i: &$hmm x- mm & *t *> t§ 

T«9«>HJWM£"C*^ ««CCDMA#5S©±3CIK 
fj^/^rA (taUtf lMHz~2 0MHz) T-l±#» 

* -T a t%ffl a» £ K*<H « g a . 

BTw©g'hffirmin (i{5SBjI5I= 0 i: bT^MrtSf© 

[0 0 3 3] -i >#-Kl' — i<'3>y 4 )\s# 1 0311 3h 

Htmsi o 2^f»m*^na lf^sfc *> 2*k7 
5c fnsr-ta*^ sv^ttwrtu •**ftfc*6»5^ 

[0 0 3 4] l/8*-*nMETfflSttH«* 

gi 1 o 2 A^m^stva i/2^>y7'iaiB©*asiai8ffl 

(03© (a) ) ©IHfc:*ft**l3fficD0*l¥AbTs 
(b) ) o CI© l/8f vT'MPil©^**^ 

&»=^y;rw— (lpf) *ii 
■rckc*«)» l/8f vrBWC-f >^4?U-->3> 
**ufc«EffiB*HJ*»a£i:fi , "CS* (B3 

© (c) ) o L P F©-f WW^J&Stts 0>J*.(iT8B» 
[0 0 3 5] 

h (i) = sin (2tt - i/8) / ( 2 tt • i/8) 
±13 -f >/<;u;*J&g«if«(K©ft££fca#, ^ffl±»±x 

« * *» » a c t t «t o ± i y r~ ± 8 * v rm&x rr 
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F I R7-f i/r*>ia«&n. 

tf, ±2^>y:7T-0"?>«J^>fc*§^ FIR7-<;i/*©* 

.vraiiH ( ( 8 x4f^7) t. 

ofcfc>*»-3-cv>a©-e, l -^^©tB^fctm-ra© 

[0 0 3 6 ] ^*^^;©«t-5i-v -f 
4;u**H^-*\ i/8^-y7'fl*U«SfflH**»fc 

ttst, ffls«wfiii-y->^sfceN = NpxMia 

ffiK4H-s-ra©ii4it>7 , ;n- m-c-feb* m*)(o3 
®fct±a3©jitu 8 hcmmi-chf*** 

(NpxM+3x8) /4 =Np xM/4 + 6(HlT-fe 
a. If> fi£lfc^M>> lT-fe5*^> 

[0 0 3 7] xn*MH-CJ*s ^^^©(Siffl* 5 
fnt<5fe», iSLfc^D* hv->^;uic*fbT 

©ffis*awffi(-*i"bT^D >y Ma^fb^fr-So 

[0 0 3 8] ¥i9fls«Mt*fc.fc*K«>-3S» 7*-^> 

^t«ta^i6 ; £¥^'fb-rac t^sWT-^ao ¥^fbx 
o«y b»*#< i:aci:fc:«tt)> St cisS^t* 

T-rafeto. qz^-fbxa^ M&fii&ggffiKKCW^fc 
jo. tfi 6-»#;H tt. ^rbi^JSflstff^^Btt* 

^^„ ¥J9flSffl3Stt-je*» :, y b^Stc7*n >y f-fbbT¥ 

[0 0 3 9] M§n*o<y bCiSV^T, SJErHM-Taffl 
SffiBim^rPn (r) it 

Pn (r) =Rn (r) xconj (Rn (r) ) 

fcMta. SMr(r^1-a¥l9<bfflSffiB8m*Pave n 
40 (r) 

Pave n (r) = A. • Pave n (r) + ( 1 - A) -P 
n (r) 

bT-^&tBlslSgl 0 6{±^ ^13-fbffl5ffll8S;^Pave n 
(r) #S:*:fil*2:ajIiEI$F^Topt 4*toa 0 t 1 -^ 

TS<ITaci:©T*ga, ^fciJiSRAKEMSfC 
fea«^> tr-^*tHBHIl 0 6ttRAKE7^ 
fflft^-fflt;— ^*^#V^JHi-^K)> ^©ilJS^F^ropt 

50 [0 0 4 0]B4BHH!)*W*H»10 2o -«® 7 
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[0 0 4 1] 0 2 *#BRUT. ^Jffligl 02lt v 

H7^;i/* 2oit mmms^2 o 2 ^^«ts 0 

[0 0 4 2 J F7>f;i/^201 d w h is> 

;i/ 4 i£«f9F^"i? J£» b £ fi<& u fc 7 -f ;i/ * T* & 

[0 0 4 3] l$iaffigB2 0 2 fife £ * btf>;£#> 

[0044] m 5 tzm i<b^mK» 1 o 2©sijco«i* 

[0 0 4 5] 0 5 S#ILT, »#JfflM«l 0 2tt, t 

^*;i/'Sfifif s b&fe&>t>tifemm&m<D$$ 

ASH*! lt^S-r£ > y 7;PAA/< 7 wi/tB^McDfg l cd 
^^E y 3 0 1 il©^^U3 0 1 COM? 

3 0 2 finflr8 3 0 3t^^V 3 0 4*fit*. 

snfcr^*;i/a§§t*a»o;w n * b $/> stout 
frfc »> Hffism-r ^(5iffifip^gi5 3 o 6 isiffiSD^^ti 

««>e>*tfciSffiaEHrtTw7?*«>5fflH»3 0 5 h^t 
[0 0 4 6] ffifi£cD#:#) N Train = 0, rmax = 2 M — 

[0 0 4 7] ^CD»-&x S5 lC^^U 3 0 l©*>f Xtt 
4Mi:^So C0il0^^U3Oliil>'>^ri 

izm^rz^^z )i&mm^&&Vjh^fdm, as© 2 

Ifc^^T, in^D^y hc7)glm + 1 #g (m = 0 ~N 

S(2-L-M-n+2-M-m+i) ; i = 0-4M 
- 1 

[0 0 4 8] 0 2l±±a3 4M-tf- V^KO-J" 

PL (m) 0>«Jfc&*5ift*»WS. 

[o o 4' 9 ] mmm^3 o ei±. m&mm&s 02^ 

£>m^£ti£ 4 MiJ">r;i/©S^*NpI©±;W a ^ 
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[0 0 5 0] p|fflj!iO»Snfe4M*>r;Hi 
Save n ( i) - Z ra= o — Np-lS (2 • L - M • n+ 2 
• M m + i) xconj (PL (m) ) ; 
i = 0-4M- 1 

4ins 3 o sitmmmnnztitzm^Siive a) ; 

i = 0-4M-li:, «*W^S*J!lc (i) ; i = 0- 
M- 1 <Z>fflS*HH*SJIKFHIr= 0-2M- 1cd$6HT* 
H-ItSo -Ttttofc. JSSfflIRn (r) |± x 
Rn (r) = S i = o — m-1 Sav e n (2 • i+r) xc 
70 onj ( c ( i ) ) 

1&±. t = 0-2 M- ltOlBH^fflEfflW 
firs«ffl«»lH]jR«u 4MxNp+2M 2 BfcfctK 

[0 0 5 1 ] H6ttH l<0«#IffiB181 0 2©JgK»J<Z> 
[0 0 5 2 ] 06 *#K?UT. d©S«l*HH»l 0 2 

£0 ifeKffflfeH'i«t5» 1 € 'J 4 0 1 h^W D y 
^*V 4 0 6£:, 1 y 4 0 1 *Jcttf»2©^^ 

y 4 o e ^ft^^^^siaia^siictvifisfcw^-stt* 

abS/>sS;i/«©«SfflH**«&SfflBI»4 0 2 ^ 

'f d ^ M>>tfOi/P L<D«F^fc:js&bTfflH»4 0 2 com 

*-r««w«*at*iif si»*8B»4 o 3 aixia^ 

ft!l*t-£HfflSn*gM 0 4 i:^ fBlcD^U 4 0 

£fT?*^ S^SMMM 0 5 h^^-T^o 
[0 0 5 3 ] m 7 (ill 1 £>&£|ffiH8 1 0 2 (Z)ffe©«* 

[0 0 5 4] H7*#HHUT. £0**lffiH«l 0 2 

bS/>st?;UPL ttt*«F^"e*«-r5l£*«5 0 4 
ffiScgP5 0 4 7?«»snfc^Wav h5/>#;i/*ffitrr 

5»2©^€y 5 0 5fc, SlC^^VSOliSiVS 

2©^^ y 5 o sfr^^^^^aee^sftivssK* 

B«5 0 2 i:, I1©^EU5 0 l[:fi$til»fy^ 
50 <D** y 5 0 1 *«J:Vg2 O^^'J 5 0 5 £ ^ ^ > 
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rmmsis o 3 

[0 0 5 5] 0 6*5£tf0 7CD^?iJfflBS§§l 0 2 (4, * 

fro. KaafilE»*«^^)l»v^TlRlffl]!I^»"rs^aTa>!). 

[0 0 5 6] JRl:H70^jaiSSl 0 2©ttf¥^o^ 

[0 0 5 7] 0 8ttEI7CD2R#J<BH8'l 0 2 

[0 0 5 8] H7atfH8*#WUT. SlC^t'JS 
0 l*5±TfS2CD-?«^y 5 0 5 titty W h 

*ffi»bfcS^JM^&*ftfcgL ^-*giS4gfH#l4 

8t?»±fflB8»5 0 2tt3 2ffl©»ffil#iafc:**b>>^ Wl/ 

jg, ^4fflSb, «*fcttR4ife£*tL«J:^. 3 21 
®^7l/^fflBST 4 Mffl©ffl£ffllifB4*#>3fc#>, 
4M/3 2 iHltt !) £ l/tgfifflf Si VKttSftfe^W 

[0 0 5 9 ] E9tt*^W©^2©|IS£^J(C e i:SCDM 

[0 0 6 0] B9*#ILT, d CD C DMASiSg© 

H9c!)CDMAafi*«©gfi*>f SvyifttBEIB 
(4, ft*lffiH81 0 2 lcA*2ft6Ja*n{g-i§#. /WD 

a, Hi©cDMAafi8i®af^>f ^>^mniB 

[0 0 6 1 ] 0 1 0(40 l<D&m*-< 5 >^8I£B[h]£&4 
iB*fcCI)MAgfflKHCD^Oy»ia7?*5o 01 04 
#IlTs C©CDMAg{g££M(4, X*#lfflHS10 2 
h 1/T07 ©S^iJfflBIS 1 0 2 SIAT^5. 
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